Simultaneous scintillation data from the ATS-6 Radio Beacon Experiments for signals at 40, 140, and 360 MHz offer the opportunity to study the frequency dependence of the scintillation phenomenon. Using these data variations of the spectral index, correlation coefficient, and the correlation interval are investigated. It is found that for weak scintillations, the spectral indices lie between 1.5 and 1.7. When the scintillation is strong, the spectral indices vary from about 1.4 to 0.7. The correlation coefficients are found to decrease for increasing scintillation level. The interesting behavior of the correlation intervals as functions of signal frequency is also discussed. The observational results are compared with theoretical predictions.
INTRODUCTION
When a radio wave propagates through the ionosphere, the random irregularities present can cause the parameters of the wave to fluctuate. This is known as the ionospheric scintillation phenomenon. Singleton, 1974; Crane, 1976] . Early observations were made mostly at single frequencies. Since the fluctuations of the signal are caused by the irregular variations of the relative dielectric permittivity of the ionosphere and it is well known that such variations are inversely proportional to the square of the signal frequency, one would expect certain corresponding frequency dependence of the scintillation phenomenon. The radio beacon experiments on ATS-6, with the three frequencies at 40, 140, and 360 MHz, provide us with a good opportunity for simultaneous multifrequency observations of the scintillation phenomenon and allow us to study the frequency dependence of the various scintillation observables. In this paper, some results of our analysis of the ATS-6 scintillation data are presented, and we attempt to interpret the results in terms of the existing scintillation theories. 
DATA ANALYSIS AND RESULTS
Linearly polarized radio signals were transmitted from the ATS-6 satellite (0øN, 94øW) at carrier frequencies of 40, 140, and 360 MHz. The amplitudes among other parameters of the signal were received in Boulder, Colorado (40.13øN, 105.24øW) by the Space Environmental Laboratory of the National Oceanic and Atmospheric Administration. The elevation angle was 42.2 ¸ at an azimuth of 162.9 ¸. To guard against aliasing, the receiver has a post detection analog filter with a 1-sec time constant (0.16 Hz corner frequency) and single pole roll off (6 db/octave). After filtering, the signals were sampled at a rate of 10 Hz. Each second, ten of these 0.1-sec samples were averaged together and stored on magnetic tape via minicomputer. The final sampling rate was thus 1 Hz.
From the data, several periods where scintillation occurred were first located. A number of segments of the data which appeared stationary to the eye and were of sufficient time duration (at least 15 min) were chosen for analysis. A total number of 22 sets selected from data in the periods of August 21-24, December 24, 1974, and June 1-9, 1975, was analyzed. Of the 22 sets, three were picked for more detailed study. Their dates and times are given in Table 1 . As an example of the data segments, Figure 1 shows the raw data for the three frequencies for data set II. Each data segment was subdivided into blocks of about 500 points. The mean and the scintillation index S4 were computed for each block. The stationarity of the data was checked by verifying that both the mean and S4 were relatively constant from block to block throughout the entire period being analyzed.
To detrend the data, we passed all points through a high-pass digital filter involving a weighted running mean of 400 data points. The detrended data were then used for computing the scintillation index, the autocorrelation function, the power spectrum, and the frequency correlation coefficients. Some of the results are presented in the following. Table 2 shows the computed scintillation index S4 and the spectral index n for data sets I, II, and III. The spectral index n is defined by log (S4a/S4•)/log (lb/L) noise when the scintillation level is low. Therefore, the possibility that noise may be a contributing factor to this behavior cannot be ignored. 
DISCUSSION
In this section we attempt to interpret the results in section 2 in terms of the existing scintillation theories. Many authors have studied the ionospheric scintillation theory based on either thin phase screen [Briggs and Parkin, 1963] , or Born approximation [Budden, 1965a] , or Rytov approximation . Most of these investigations apply only to the case of weak scintillation. Previously, in an effort to interpret scintillation data using weak scintillation theory, care must be taken in selecting the data to ensure the applicability of the theoretical results [Rino et al., 1976 ]. In the case of multifrequency observation, however, because of the fact that the random variation of the relative dielectric permittivity in the ionosphere is inversely proportional to the square of the signal frequency, under the condition for which only weak signal fluctuations occur at higher frequencies, signals at lower frequencies will suffer much more severe scintillations. Therefore, a unified scintillation theory that takes into account the effects of multiple scattering is necessary for the interpretation of the multifrequency data. Efforts to develop such a unified [ 1975] showed that for strong scintillations the spectral index depends on the strength of scintillation, and hence, on the frequency of the signal. We see from Table 3 that for data set II for which the scintillation is strong, the spectral index varies from 1.51 between 360 and 140 MHz to 0.77 between 140 and 40 MHz. Indeed, the spectral index depends on the signal frequency. This is due to the fact that when multiple scattering becomes important, saturation of the scintillation index occurs. Depending on how strong the multiple scattering is, the spectral index can vary from zero to the value given by (3). Figure 2 shows that the value of n decreases as the scintillation gets stronger, as predicated by the theory . As a matter of fact, there is some indication that the value of the spectral index may be as accurate an indication, if not better, of the importance of multiple scattering as that provided by the scintillation index S4. Table 2 shows that for data set lll, the scintillation indices range from 0.13 to 0.9 and the spectral indices range from 0.85 to 0.92. Although the scintillation indices are not as large as those for some other strong scintillation cases (such as set II), the fact that n remains rather small for all frequencies indicates the multiple scattering effects are very important for this set.
That this is indeed the case will be seen later when we discuss the correlation intervals.
The cross-correlation coefficient between signals at different frequencies is an important quantity for communication system performance analysis as well as design of frequency diversity systems. Table   3 Curve 2 has the same behavior as curve 1. But now with stronger scintillation level, multiple scattering becomes more effective, resulting in even slower decay of -r as a function of [ in the lowfrequency region. For curve 3, scintillation at the low-frequency end is strong enough for the multiple scattering effect to be dominant in the region, while the scintillation level at the high-frequency end is still low enough for single-scatter theory to be valid. Therefore, for this case we obtain a peaked curve for x as a function of frequency, the result of the two competing processes mentioned above. For group 4, x increases as [ increases for the three frequencies, indicating that multiple scattering effects are dominant at all three frequencies. We note that for this group, although the scintillation indices are not particularly high, the spectral indices are quite low for all frequencies. Therefore, as we have discussed earlier, the low value of the spectral index seems to be a good indicator of the dominance of the multiple scattering effects. Figure 7 shows the variation of the correlation interval for 360 MHz as a function of scintillation index. As mentioned above, at 360 MHz the scintillation level is low for all the cases so that the weak scattering theory is applicable. If we make the relatively reasonable assumption that the height of the irregularity slab does not vary much, then according to (4), the major cause of the variability of •r is the drift speed v. Figure 7 shows that for very weak scintillations, the drift speed does not vary much. When the scintillation level increases, the drift speed varies much more from case to case. There is also a general trend of decreasing drift speed with increasing scintillation level. In this paper, we have presented some results of our analysis of the multifrequency scintillation data from the ATS-6 radio beacon experiments. In particular, we have concentrated on the frequency dependence of the amplitude scintillation, the spectral index, the cross correlation coefficient and the correlation interval of the signal. The experimental results are then interpreted by applying the existing scintillation theories. It turns out that the results agree, at least qualitatively, with the predictions from the multi-scatter scintillation theory.
Finally, we note that in addition to the results presented in this paper, computations of the power spectra, both for amplitude and phase, as well as the distributions of the amplitude and phase statistics were also made from the data. These will be subjects for future communications.
